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Periodic Currents in Cylindrical Conductors, and the Rate
of Propagation of Electric Disturbances along them.

259.] We shall now proceed to consider the case which is most
easily realized in practice, that in which electrical disturbances
are propagated along long straight cylindrical wires, such for
example as telegraph wires or sub-marine cables.

A peculiar feature of electrical problems in which infinitely
long straight cylinders play a part, is the effect produced by the
presence of other conductors, even though these are such a long
way off that it might have appeared at first sight that their
influence could have been neglected. This is exemplified by the
well-known formula for the capacity of two coaxial cylinders.
If a and b are the radii of the two cylinders the capacity per
unit length is proportional to I/log (b/a). Thus, even though
the cylinders were so far apart that the radius of the outer
cylinder was 100 times that of the inner, yet if the distance
were further increased until the outer radius was 10,000 times
the inner, the capacity of the condenser would be halved, though
similar changes in the distances between concentric spheres
would hardly have affected their capacity to an appreciable extent.
For this reason we shall, though it involves rather more complex
analysis, suppose that our cylinder is surrounded by conductors,
and the results we shall obtain will enable us to determine
when the effects due to the conductors can legitimately be
neglected.

260.] The case we shall investigate is that of a cylindrical
metallic wire surrounded by a dielectric, while beyond the
dielectric we have another conductor; the dielectric is bounded
by concentric cylinders whose inner and outer radii are a and b
respectively. If b/a is a very large quantity, we have a case
approximating to an aerial telegraph wire, while when b/a is
not large the case becomes that of a sub-marine cable.

In the dielectric between the conductors there are convergent
and divergent waves of Faraday tubes, the incidence of which on
the conductors produces the currents through them.

261.] "We shall take the axis of the cylinders as the axis of z,
and suppose that the electric field is symmetrical round this axis;
then if the components of the electric intensity and magnetict of a millimetre.ricity escapes from the two electrodes through a vacuum
